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Abstract of JP1 11 50296 

PROBLEM TO BE SOLVED: To prolong a 
service life of a nitride semiconductor element 
and Improve the reliability of the element by 
improving the quality of a p-type conductive 
layer, which the cost of the element is reduced 
and the productivity of the element is improved 
by making a heat treatment after the growth 
unnecessary. SOLUTION: A nitride 
semiconductor laser is constituted, by 
successively forming an undloped GaN base 
layer 12, an n-type GaN contact layer 13, an n- 
type AIGaN current injecting layer 14, a GaN 
light guide layer 15, an InGaN active layer 16, 
a GaN optical guide layer 17, a p-type AIGaN 
current injecting layer 18, a p-type Gan contact 
layer 1 9, and a p-side electrode 22 on a 
sapphire substrate 1 1 . The surface oxygen 
concentration of the p-type GaN contact layer 
19 is set to <=5x 10<18> cm<-3> , and the 
maximum value of the oxygen concentration 
near the surface of the layer 1 9 Is set to a 
quintuple of the in-surface average oxygen 
concentration of the layer 19 or lower. 
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mtipm.it-^^m^m(r>mmirMz^i'f^f^mfS.<r> 
mzmt. mni>ziHii>fmmm<r>^nm<^5mxTx 

wi^^^i,zn.mmm.^ixfzmL<r)^^'mjh^wm 
t. 

$tifz. mmimmmttx'ttjpmit^wmt^m 
t. 

msipsmim^^i^m±izm^^titzpmmmb . 
ti:mx<oiimmmzi&\,^&mzm^^tui, mm^m 
iP-^r< b hmiipmim-(ymipm.it^^i¥miL 

mm P mit-^^ma^mco^mnmzmfhmm&co 
m±mii. mmz}Hf^mmm&(r>^i^mco5i&iHTx 

P„ Asi.,.„ (OSx. OSy, O^z. OSx + y 
+ zSl, 0<ni. O^n, 0<m+nSl ) •C*>l)i 

t> nm.BM^^L'^mimmmb t-c-^wt-^ 

J^TC^i: LX^tsit-kW^WmiJ^^-ti>JMb 

ttm.imiimmwm^^-jim<izii\^x . 

mipm.[mi:^L^mi:mmmb vx^ts-^t^m^ 

'y*j:<bhpm.v-j^-yvwmm/vz.r>=^-T (nh 
3 ) s-g-tfj!s^;<fx, at^co. CO2 coisao. 1~ 
1 0 vol pphvxYi,znm^firzmw^-m'&^xi)^(>'^j: 



wmwmi:m^'thJMb. pmmmti^Lmm^m 

tim^mik^im^<^mk-)imiizii\.^x , 

fiiBpag3l«r*tS«S-«tJiKjc3gi: LT^tHt^iBl^ 

^i'^<t< 1 1 pm FWN-v vwmm/<.zr>=^-T ( n h 

3 ) i-^tswm^:^. St^*?g (H2 ) ilJKi vol ppb 

z b i^b^i,m.<mm^veim=f-ffi'm^ 

-m. 

[ff^Jie ] m%ipm.{m^^Lm.m^mwijmb lt 

•^tf-fb-^!|*I^<*J15:m-^&XS«±, VKHf^ft III 
Wm<r>m^ (mo 1 ) it <V/1II Jt) ^4 0 00 
UlT, (IL I n i^tsmm^W^cr,^^i.Z\i3 0 0 0 

mimi ] ItnepMfE^^rWL^^SrWfigTc^i: LT 
MiBpS<£gi«-*-tl.«^ffiJlSrJ^B!t^SXg 

t, miJM<r>-UX'.i±JMiiZii\^XTy^-Ti^ 

itk^h z b Sr^a-r w*JS4 xii5mi<r>m.-im?h 

[tt^JSS ] B5fEpMfe^^*L^«^ffiBg7uSfc LX 

■i!tsit'^^i^mim^m^£'mmm<mmmmb lx 
m&L. mMpmim^m'rhmmmmi:mm-hi:n 

immtMbLxiiti^t^m^ii^mb. pM^^^ 
Lmmi:mmcmbLX'^ts^t-^wmti:mb, m&b 

mimLHzwam&^tiiimsi(7>^imw>Mmi^m<^ 
3*>, wtmm<opmmmt:^i-hmm^iiMt^m^ 

«c^tfOSa®<55pMa§iJP%<?5igJK*^, fJie^rt^iOpM 
mmieommco l . SfSJJLh l O O OSOT-C** C i: 

^itssjtsiibLx^ttit^m^mii^mb. ps<5»$- 
t commmmi:mtrcmim^^mi^'f-<om&ijmiz 
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^Lmmimmtmtvx'^tsit-^m^^iiimt. 

'jf^<thpm)^-f^>hmm. ry^e-r (hhs ) 

i:-^tsmm^xRif^ArVT^'x^m^^x . pmr^mm 

0'mmm<^>stmmmtLxmmL. Mi2pffl^!t*i$-as 
yhmmRx/^^rVT^xim^m^. m^iasixmtk 

4, 5. 6, 7, 8. ioxiiiiizmu<^mim^^ 
F^fcL, mriemsiaKttisoo'cJUJt-c^^giaKOT 

[if ^« 1 4 ] SffiLhC, ^J'^^< t, n Se^^W 

^Lmm?:m^mttx^ts^t-^m^mi^mt. mm 
t<7)mmmmi^x.t:mitm^¥^iim^izti^^x . 

o-h. mmm<r>m*^i n, oa, n {o<xg i , 

y<l. x + y=l)®i:Ini Ga. N(0^1g 

1, o^mgi, n-m=i, x^\)mi^mzmm 
•t^mt&rmmtf^h^hmx'Sy o , mEmm-mm^ o 

*>'M'^< t h\y^ixiJ^-filiZpWmmifimM^tiX^ 

0 , mtmm-iiH&<r>±Mi,z p mmmifm&^tix v>s 
^^i^^M, (Mg) •fb-g-tttL. ii'-=2:<fc trvt^r 



( N H3 ) Sr-t-tfiSiR;y;^Si^ll«Wtc^«tt;<f;^*»^> 
^^-<r^)Ti!fXtl.X-^^^i(fy^1fim^^h1X. 

$: 7§s%jaTittfc: i:msit-thmim. 1 5iea<^ 

[000 1] 

tft^^ Y^zmi^m^xmMnimmwm^m/^ffi 
m&-nmiz^i> 0 , ^(cmst o^s^rjr- 5 -y 3 y 

[0002] 

r(JaT. LDi:t,v^^) fflo«1sti:LT, Ga 
NS-J&«>4: UTA 1 GaN^i7)g^tiB!i^i|ig[«c*<aB$ 
nrVS. t^C^tC, I nGaA 1 NmSH^aJi, HI- 

^^•yr**t. 0. 2—0. 6//m^. ap-t#fe~^ 

[0003] C<oa<OS^!|«J^^««5«^S:ffl»->fc^ 

LT, M^[:%^^ft:*»^^r«.pS<S3»Jiai;fnMe3!t 

[0004] mmstxm<n^mi-i:m^h^'^. p 
nii^^m.^mift-i-htzib\,zpm{mmmf\,znm.\m 

m ) ^nmmtr^xxh & . i n a i g a hi^timiz 
*jv^T(±. nmmmmizmLxii. sa^^^w^ttx 

[0005] pMe»ii(c^tT{±, ess&t^ 

htLTV^^^t^i^'^A (Mg) XJiffifiJ (Zn) S'ffl 

v\ ■^'m^-<r')rfix (Hj ) mfry=^~rifx (n 
H3 ) iioo'cmK<^sia{c«j#t!tfigfta« 

SriftaU. >IOjS;RS«LhtcGaSiR^A 1 

[0006] Zffifi^X'^WL LJtM g H 

-rGaN®ar/A l GaNJl^:if<OMg H-rS-ft^ 

[0007] vl<Ui0S;e.«. Z n&r/M g<0^>EftcO^ 
filW^Jlt-S*, !Rffc:MOCVD&{Cj:*«fiTi4. M 

«:<fXi:LT<Or>'^:-T (NHj ) J^df^'JTX^Xt 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.coin 



(4) 



l^mW-l 1-1 50296 



^'&AtiimVftit\.h\inx.i>iXh (J. A. Van Vechtenet 
al.,Jpn.J.AppI.Phys.31(1992)3662 ) . 
[0008] Ms K-n nA 1 GaNSJiMOC VD 

\^X-%mmV:.ti:h. ^L\i. Mg*<l X 1 O^'cm-a 
cOfflSf G a N t h'-r$*t7tJ&&. *^iaKt> 1X1 
O^Ocm-siSSt^SJKffiOaiitS. C:«MgH-r 
GaNJiJi. |5l^frT'^:g$-tJ:;tTyh'-rX{iS i H 
-T-GaNiilCif^, 1 0etUiO*Si8ai:^-:>t:fc 

0 > *-yU«IS^C - VSI^^riftC J: 0 , a s g r o 
w n T'Jii^SfiLT-fc fc *^'iil2$ ixT V>5 . 

[00 0 91 U^as g r ownX-Ji5»tifC'ft«. 
MgH-rGaN)§{C«L. m^FUfiSI* (H.Amano et a 
l..Jpn. J. Appl.Phys. 28(1989)12112) ^fSl5t!M (S.Naka 
muraet al. , Jpn. J.Appl.Phys.31(1992)1258) tcj;'?, 

M g <ovg14^l:^3!)<i6i±-r * t *«am $ ix, isa* L E 

D<O^Mt,-^LD5|licO||3S«5^$flTV^2. (S.Nakamu 
ra et al..Jpn.J.Appl.Phys.35,(1996)L74. ) . 
[ 0 0 1 0 1 J: ->T , HR«tc«. M g Y~^ms^ 

^'mvn-m.t. -ei^j^^f^tceoo-c^soo'c^cT)^ 
[0011] cicoi a^giisaaxscof^, Mg H-rg 

tow. iS^iig^HtiSffiijyiSr^tTLia. « 

■ri.. 

[ 0 0 1 2 ] H3 i\t's.\mmmw.^Wi\>'ti9m.Wi: 

^f*U-if^, WSifeJSmffi)i!t*fe (MOCVD) a 

f) , GaNT*a2, GaNnv:?^' hg3, nSA 

1 G a Nfl;cSaAa4 , I n G a N SrffiV ^/i^Sa^-# 
F (MQW) ffijt$-qt-r.|.fitt^5, pSAlGaNm 
^aAS6, pS^5rJg«-rS7ti6<^pMGaN3V 

[0013] c:<^M<7)^^fflJi«o}e^B#ic(i. -Stc. 

I n G a N^cOSli^ 5 Jai'Mi^^ U T;<rx t LT*m 
Ifm^^iXh. --n. I nGaNS14^5«0J^^Bflc 

f'mmmzii\>rc . pSAiGaNmssaAiiest/fp 

i:LTMgA<ffiffl$<i^. =3:fc, M g {i^:l*t={ivStt 
[0014] :L<n»sm<m:. f 5 ^ x -y f-v^r&ic j; 



0. §'Wm.(r>-%ifG3.ii-3V99vm3^mthu 

G a N 3 V h « 7 ± P lamffi 9 § ixS . 
CKOJ: ^ K#i8ffi8 , 9*<»jS5ii/::a^sj*«'^^B8$ 

[0015] C<0^i|£»«cU— IfJi, 

pMGaNny^i? hJi7<oiiaffit:;s»itgf;5:wrs 

Pffl!l«fii93fi^*^lR«S*X-CUia. Z<7)^o^ 
[00161 mz. ClcoWfe^f^sU-lffcoV^-C. s 

^s^iim+tossfairaiifrtiboMg, iJsg. Bsg<oai 
$:^rr6ii7)i8«^:fli^-i}s:^:t>'aai)-«f (JilT, s i m 
sti^o) OiS^^t. -fcojgm, mssizTFi-tXo 
(c. MgcoiiUKJif»«iaoi(rt^tcgl!$*i«iitc-^r* 

•s.. ^ (c) , *s (H) , mm (o) ji. 
mmmiz. Mmcom^i^mzm-yXim-^ffymsi^m 

mm. *ig{4. ^ftse^stc, «:Riartgpj: 0 1> 

[0 0 1 7 ] ta!-3T. pMGaNny^':? hJ17i:pM 
«fii9i;W3>'^':7hffiSt*^ia<, #^^3b«»<^-5 

jsHfcLT»4. ^mtfimmnzii^^^mnuipt^^m 

M g i: M g A^^vStt^b^ixi. C: i: t>mfhix 

^ tfz^m<r)mym^j: }iifiwmx'^^mm.m.m\,z^ < # 
[ 0 0 1 8 ] =3:Jo. !&^mm^mi,zmm. mmi}<^\>^m 

■^izii'Aco ( 1 ) - ( 3 ) lz^^Xo^j:mmt^hh, 

( 1 ) Msmco}^-/'<yhcr>mmmi:&T$it. ^+ 

'J rS5@[5-ffiT5-ti:.&f^S*>'S>.i. . ( 2 ) miit 

(1)~(2){4, pmmM9t<r>ay99h&mi± 

■^h^.mmit^^T^^XLtd. ^i^iz^ (3)« 

■If-, V-9^i:m^^-^tXLto^mifit>h. 
[ 0 0 1 9 ] Zcr)Xd^j:mimJ^^»m'r-X' 

m'f^mm<m^^izx*)^^m'i>(OMgi!fi+»is 
\tit'ri,<ot,zm-t?>msmmmt^m^j:*). ^m^otfiuts- 
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[0020] ip^. mmi:<mt-ri>t/i. ^m^mm 
[0021] tz^x\ <ssraesr)s^-r«.«^*»'^sft 

¥8-1 2522 2^^$8lcra^$aTV^I.. ^«^^?fi 
izii. ^^lliiT»<7)&i^mzii\,^X . SH^^'xSr* 

tizj:*). pm&mme. 7 ?:mhijmmm$tir\^ 
mmz^mmifim^^ixhtzi^. m^tc^t-^ vi^o 

[00 22] 

^hfzib\,z^mki,zmkw^n=mmmmc^mvj:mm. 
[ 0 0 2 3 J ^/i. ^mm^w.zii'o. 

[00 24] t.fz. \^D<r>m^. p^m9t<r>ayjf 

Dtipi8»=, pfflimfli9is^cos^^tfcieau-cij)f^*& 

[0025] *^Bflt4±ieilfflSr#^UT=5r$^TJt: to 

[00 2 6] ^7^0. ^%m(r>mm\t. pmBmm<r>im 



[0027 ] 

[0028] E0*>, *«Bfl (iS^«l) S«ifc, m 

^tifz. m.mimmmtvx'ktspm^t-^vs^w.m 
mii^mxoi^msmnzm^^tmizm&^tirz. mmt: 

miSJiMt LX^ttnMit^^mflfmii . i!'^:< 1 1 
H!rfEplB!l^«g*><oHufepS-fk^^(*JiMt/{c nM-ft 

htif:inmmmt ^mtt:mimm^mtm^x'$>':> 
X. mipmit-^m^mi^m<^mmHmziiif?,mmm 

TX'hhzti:imt-th. 

[0029] tfz. *56Hj (t««JS2 ) «4, . tH 

imm±izmmm&^tifimi(om<mm^miif:mt . 

$tvf:i. mmi:m^mt Lx-iittpm^t-^wmi^m 
t , mipmmmm^wm±.\,zj&WL^titi p 

^wmi.^i:>mtmmz^\^^m.<.zm^^ti.tz. mm 
im^ijmkvx^tsnm.^-^^wm>. 'M*j:<t 
t frie p ffl!)«fig*^ <?> mie p mvc-^m^^mmfi,z n m 
^■^^^m^mhwm^mm-hi^o^z. mi^ 
m.^mik^mw-mp^<r>\^irKt><r)mwL\^\mtimL^zm. 
\,-^t=ixtznmmmt ^mx.tz^^mjk^m^mTx-h-^ 
X. miipmit-^va^^mi^m<r)mmimiztnfhmmm 

( 0 0 3 0 ] C: wt'. pMit-^^ti^mRl/nmit^ 

N, P„ Asi-„-„ (Ogx. O^y. OSz, OSx 
+ y + z^l, 0<m, O^n, 0<m+nSl)f& 

[0031] tfz. *I6BJ (^«3I4 ) ii. mLkl^. 

Sk. pMeaiSrWLS3RS:flllS7c3ili:LT*tjfl:-&iJSl 

^:^tC*>V%-C, B>rfEpMe3«:*LS^2::««7c3g 

^ffi^ftStcJ: 0 , iJ'-=6:< 1 1 P M h-WN-i^ hJK^Mt^ 
izT^t-T (NH3 ) Srirtfiliisfpyx. Sl^CO, C 
Ot cOiftKO. 1~1 0 vol PPbUlT(C»SS$#l3t?^ 
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[ 0 0 3 2 ] * *^Bj (m^ms ) (i, msLtiz, 

mi^m%m&^mi,zj: 0 , iJ'-'Sr < 1 1 nSg^^* L 

tcrv^-r (NHa ) $-S-tf!Sipf;!f;^, Rl/yi^m (H 
2 )iilSl vol PPbOT{cfifSSi$<i^c^tiES^igtt;<f;^ 

[00 33] ^^T', pSS«$:*LS^Sr«B£7C^i: 

umm.m<mi^a. (mo i > it (v/m it) $-4o 

OOIMT. flLI n^#O^^I:%^(*:«0J®^fc(J3 0 

0 0 0OTt:-1f*)ix^C:i:*>'S^ 

[00 34] ^/c. pMS?iS:WLS5R^fllJic7C?Ri:U 

•emu. t>nspMe#$r*-r6«a®»sr?^^-r&x 

[0035]^^. pm&Mi:^Lmmi:mmimt l 
Tj^^L, H(nepffif5«s:^-f- ■g.saajfsrj^^-rsx 

'5:#A'yr*'x2rE)f^^s. R)f^ia^-c-fifc*&-rs*^ X 

{mSjaST'«l&-rSXSSrlSttS C: i: Lv^. 
[00 3 6] ^/c. pMK-v's->-Mim, 

[ 0 0 3 7 ] ^ . 0f^B#^i: fi 3 O^tLhT' 1 B$^JJl 
rtfcL, B?IEm^?agfc{i300-CtLtT-^SmOT 

[0038] (ii«3S9 ) ««JilC, 

•&!t?5^#*et. pMfe«S:WLg^$r«fiK7C*fc UT 

mfSLcomim^k^ma^m^ r> *> , wmm<r> p msMi:^ 
mm}^u<r>pmmm<r>im.<r>\ . sejjLt 

1 0 0 O^VXTX'hhZt i^t-th . 
[0 0 3 91 ttz. (iS*JSl0) 



^imjk^mwm=f-^mmim<.zii\.^x. ::J'-^:< 1 1 p 
m.Y-nyvmm. rv^r-r (NH3 ) Sr^tm^xf 
>cai/f^^yr>!fx«rfflv^t:, pM^MftSraarau^^g 
«*t8iS7c«fc Lxists^-^fl!!^m¥f^m^m=!-m^mm 
mcryBrnmrnt Lxm&L. mipmpm'mimaLt;: 
WLmmmimm-hJLnmt^z. ^cD^tii^cJDWffl^s 

ST«*&L.. |!riexso-spx«±xstc;*}v^Try* 

[0040] l;^c. 3!s:|6HB (W^«l 1) ««± 

tffl:-^!B»¥3i«siii:, pm^^^vfrn^mmi^b 
s-fbiia^^^awic^^^coisji^aictsi , iJ'^=5: < 1 1 p 

SF-v-o-hiSipf, T>^-T (NH3 ) 2-^tfM!Pf;!r 

mimmmt Lx^tiit-^mim=Fm^mim.<7yB. 
msmtvxm^L. mipmT-imii:m'aLt:^m 
mimm-i>iM<^mz. m^(r>fz»><o^m±mmmR 

[004 1] dCl-C', pMKWN-i^hMm. 

(Mg) ^k^!BjTft?.>lt*«a*LV^. 

[0042] m=Fmmjm. 

[ 0 04 3 ] t-t. mSl^Si:«i3 OS!.'Ja±T'lfifraJJl 

rttL, H?iemsiaKt{43oo'cJiLhT-^fta^:iT 

[ 0 0 4 4 ] ^T^c, 1 4 ) 

{c. ^ytcK 1 1 nm&mi:^Lmmi:m&7tmb lx^ 
tsit-^^mu^mt. pMBimir^Lmmirmmmt 
Lx^ijit-^va^^a^mt. nMt<r)mmmm^mtf.z 
mim^^mim^i,zi5\,^x . mumLi-izmmm^^ 

X Ga, N (0<xgl. Ogy<l, x+y=l)JS 
tini Ga. N(0S1^1. O^mg 1 . 1 +m = 

izprnT-^^mt^ma^tixn'o . mmt^mm<o±m 
izprnmrntfim^^itx^^hzti^t^^, 
[0045] w^-e. iai&f«tJii&*-rsJSJ4. *«a^ 
mms&^mizx om^^ti. pmpfprna^-?^:^^ 

i^^A (Mg) it-^tL. 'j'-^Kbhrye-T (N 

Hj) f:^^M^:^R(/mmmzyf^mit^:x.i,^(i>^h 

^^OT:^:^i:m^^Xm!&^tiXK^hZbi^mtt\>\ 

[ 0 0 4 6 ] mmmiz:\^m^^^i}-h^i>^^ y 
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CO 04 8] (^m) ^W^mXtm. in. Al, G 
a, B,..-^-, N. P„ As,...„ ^Tt'cOp^-fk-^feiK 

<«2f&13lT-C*>*. ifltCiO, •^x.'NffirttC^mW 
C0049] iJt. In, A 1, Ga, B, N, 

[00501 *^. pmit-^wmwmi:m^-t&'m<7) 

^^'VT/fX'pc^iCO. COj c7)iiJK^H2 costs, H 

ct4MifEf«*&Jt ( v/i 1 1 ) ^mM-tt z-tizjio. m. 

[00 5 1] 

[00 52] {mi(ommBm)mui,^%m<^m 

12. nMGaNa^^'^'hJil 3. nMAlGaN^ 
a[i£A® 1 4 , G a N3t7y>f 1 5 , InGaN^gft 
® 1 6, GaN3tXf'f Hfll 7, pMA 1 GaWmSiia 
AJil SaW^pilGaNav^^h^l 9*<J1H»:, 

(00 531 ::cO^®^iiJ±, -eeD-6P*<pSGaN3 
V^'^ bJil 9««^H*»^>nS!GaN3>':J't5'hjil 
3 C^-r I. ^ T- K 9 ^ X x f-y J: 0 ^ $ 
it. dmciipSBtBSil^tGaNay^^ hiSl 3±{C 



( 0 0 5 4 ] fiL, i^A- T^xx'hi>^mvm^z'y 
[00 5 53 gt^. ^siijtm*sii^>,^a5^cops 

GaN3>'^:J' h® 1 9±tC{itSaBe^^<Ofci6<0S i O 

2 ii2 i*^atRW{cm$ix, cicos ii2 lay^ 
pSGaNav^'^ hWl 9±tCpffl!Wffi2 23&5jg^§ 

[0056] 

J: 3 tC^SfiSJtfC nffllSaS&r^f P raimflSS:* LT . 
[00 571 5rtJ, nm\i^^h1f. pSAlGaN 

[ 0 0 5 8 ] a±coX 0 =5:^I^«:V— f iOgSJiSr 
(00 5 91 ^:c732|sS|«tP-if{i. JM^aiCOMOCVD^ 

^zx'oi¥&^ti:s>. mmiumm. ^m^mmmt 

LX. MI^^/l^Xfy^A (TMG) . h 0 J('}-J\^T)V' 

(TMA) . h*J^^)\^^y=J^J>. (TM 
I ) , b';?.j/-:? i^'xr./l^-^^^^.i"^ A (Cpj 
Mg) ^XlSISft Ltti, r:^t-T 

(NH3 ) . i/5>- ( S i H4 ) timm^tih. ^^'>J 

T/fxt LxiiyiimRx/mmi3''mm^ti?>. 
[0060] t-r. ^yr^rmui iti, ^m^R 
xfmm^ixfzik. yiocvDmm.<nwssmm.zx. n 
Mmm.^fih^-^yi^±.^zmm.^ixh. »:v^T^ -9-7 
r rs« 1 1 {s, nmzx , ***<2 5 L/-^<r>mM. 
x'mx^ixhmm%^x\ mil 20 o-cx-^^oio^ 
la. ^ffix.yf-^'^^sn. mmco^mmssktm^^ti 

[006 1] <!fi\\X\ ^yr^rmsLl 1±(C, 550 

xmsL<^i&izx/^'/yymifim^^M:^. mms. 

1 1 OO-C, ^A'Ur;<fXi: tT*^*<2 0. 5 L/^ 
TSSSit. Ty=^~rif9. 5L/^. TMG*>'100 
cc/^<0«aT'6 0^Sftt&$ili>ifcfc:iO, 
7 rSitCTi^ H-rG a NT«feii 1 2*JJ^«$ilS . 
[00621 $ <i>(C. S i H4 1 0 c c/:i)-(?Dg[4t;- 
a[$tL*ii:tCj:0. nfiGaNav^^' bJgl 3*<je 
^V^T. TMA35<6 0c c/^i-T«Sn^Cfc 
l::J:0. nMA 1 GaN^SSi^AJll 4*^KSiT.&. 
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ZZX\ SiH, Rr/TMAi}<^t^^±t^tl. GaN 
3fe^-f H®1 5*^ fr^LJtryH-rGaNTiftJBl 
2 1 |Hl»OB!c«^fr-CJBJi!c^ ixi. . 

[0063] ^com. zffmm.\m.t^7 s ox:^T'Kia 

Six. 'J T:ffXifimm2 0 . 5 L/^i■fc:^3)#i ^> 

TM I *i4 6 5 c c/'^08iEST*«j3 O^i-H^AS^X^ 
CttCj:'). I nGaN^Jil 6*gg«$<t&, 
[0064] I n Ga Nvgtt® 1 6<7)mA^k. 
*^tXl 1 0 0"C(C#iaSiX. 110 O^tC^LJtt 
='f^UTXf;^3&*llt/*SS2 0. S/^i-tC^i/a 
it, G a NiK^y-r Vm 1 7*5, G a N3l£Xr-f HJi 1 5 1 

[0 0 6 5] =Srt5, GaN3fc;y^ HJil 7«. g*i&4f 

mX'hi> I n G a NS 1 6 5:iSia<0*^C§ i: l,z 

[0066] Ul^cn^Mi&nRt/f^a&mztHf^^^r 

ffUfc , mt^zis^iyiimm i - 2 1 <o 3 ^cos-fbiisji^ 

[0067] [a«c^J] *%B3lcfiev\ pMgSUiSrJ^ 

[0068] GaNie/T'f F«17<0Jg«», df^'JT 

9. 5L/^J-, TMG*n 00CC/5J-. TMA*''6 0 
cc/t»-. St;fpSHw?:^bKipK0CP2 Mg3!)«2 5 
cc/^i-efcJ&Sft. GaNat;!^-^ HSl 7±tC, 0. 2 
5xtmj|[<0pMA 1 GaNmSSaAei 8A«®^Six 
Cpa M8tfi5 0ccymzmia^tL. 0. 
7AtmlIOpMGaN3>':$':?h®l 9*^mSill.. 

[ 0 0 6 9 ] fiL.. JE^A- y rxr;^T'i5i.^tii'hCit- 

&zt imt tv^*^ zcr>mi,zmm<r>-^m^mi:m>^. 
±^-^hJ9}Mk. ^hi,zi,i^mMsmn<r)^m^m^^ 

[0 0 7 01 pmimm<7)!SL-m^mi,zii\,^x . ± 
0 mxh \^xm^hm.%\zm-hr-y^~riiy^ 
(NH3 )i7)it(io. 5tt3e*''^<, 0. 1—1 OOK 

[007 1] pMGaNri>':J'^'hei 9««m, ^Tfil 



fil»&{iSSjaK*<3 5 OiC{cjlLJtfgtcf?jhSixi.. 

[007 2] [ib«i0ili]S!*fc|5i«<^:fr^r«)S. ap 

[0073] {.mm 2 ] m&\^fz-¥mfr)^m\<r>WL 
^w^. pwmm<r>^^mzx^^^ u rii:K\,z 

[0074] (WfiBi) 

(c-vsj^) ztih. mm. )mm\mfvcmm2 
<mim.(nwm\izr>\\x . c-vm%^'^tsi^K pMg 

[0075] -e-ossm. sftjaaiiiLT- 
p wmm sr#it . <nmm(7Mm^,zii\'th p sa i 

GaNHSSaEAJi 1 8«T:5'-«rr:J'illK**6 X 1 0>8 c 
m-3-eJ)0, P^GaNaVrJ'^ hJll 9{ir:J'-fer:J' 
illS*«9xlO>8cin-3-CJ)S. iPt>, :af*:CT«OlSm' 

i9mzMsifiri'-by^tt 
[0076] imm i &i/ibi2e»i2<7)am, 

C:il'?>Jt«?M 1 Sl/fitl?0y2coB:«^^##ffl^4'T'7 

5 0-c. soj^m. mmLtzm. mmizc-vmM^ 

n^'r>tztZ^. pSA 1 GaNmS^AJil 8lir^ 

•fer^'illS*54X 1 Oi«cm-3fc^i5, pMGaNrjy 

[007 7] ( I -vsy^) -:^r. c:iT./i>3SSiol«i|sj 

IZi^L. mmmmifZ. nS«flS2 0&lXpMII«i2 2Sr 
[0078] *f*CTc7)®Bg#|©R{i, a .j,^ 

[0079] jt«CT 1 Ri/imm2com.mmm 
[0080] (1^— »::c, ztLh3mm.<r> 

[ 0 0 8 1 ] fip*>, ztL(> 3^comMnum ( •>x>'n 

-) tfi3 5 0Mm(r>:k^$l,z^tm$tlXi^msiy- 

[0082] ssf^mff 5 V, 

L^V^ttl|gE[?&JS5kA/cm« t^fclr^T. «[ft4 2 0 

[0083] -f}. itWH^R^/imm2co^^^u- 
Ji , 86f^«flE*5 3 5 V i TtiSn L . u—f^mMrT, 
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[0084] {M^:ff\iicoT-mmmm-s^^) <):(c. 
g) . *sR <H) . ^ (c) . wm(o) <7)^mm^ 

[0085] Mii^mcoMmi. 02 ( a ) iz^p-rx o 
MgjftS35«aiS*-[6)tT&-:>T*«l5x 1019c m-3-C 

TKS ( 2 X 1 o'8 c m-3 ) liiTX'h 0 , ^^mmmmx 

&ifi^*mf^X'2 X 1 0'7 c m-^m^X'-^X'h-otz. 

tfc. Mii^mcoumit. ae^iRSj&^^iajTRB ( i x i o 

[0086] -if. imm i stxjttM?ij2{4, 02 
( b ) iz^-tJ: 0 iz. M sm&izmtxii. mmnm 

[0 0 87] tti. immi&x/imm2ii. mmm 

iZ. 7Kfll«K*«*<j4 X 1 0>9cm-3Titbo/S. gJ^i. Jt 

^^f^nmi-im.\i!rm ( 2 x 1 o'^ c m-^ ) vxtx'S> 

r.t:ifi. ^:SJi«^fflr<i*«>3x 1 O'Scm-Sfc^ro 

Jt«^iat^itt2CT2-c'(4, ^hizmmi 

SOm'atXh. ^ftflS^ffiT'W 3 x 1 0 ' 9 c m-3 S 

[0 0 88] ^hi,z. viimmiRx/)mm2\i.. mm 
lut . sm^m-t^mkmnx-ms x 1 0 c m-^x—^ 

tc. mrnmmtfi^^m^mx'sx 1 o'^ cm-s^tcit 

Jp LT . t , it«!?0iJ 1 RX/UMm 2 X'ti. mm 

mcommmmimtnTm. (i x i o>7 c m-3 > aTX'$> 
■otitiK mmmimmimx-m x 1 o'* c m-seitB 

$fLJt. ^irfc, ::ofi*!iaf^<7)l?^il|gi0*t;7x 1 o'8 

[0089] ( mtHij^coT-mmmm^^ > ixtc . 
mcommm/tmm 1 cTj^^tco^^r, s 1 m s^m^z 

^^B^ii^jt. MmiBLt/itmiicommiziUfh. st 
^ (c) . (o) , (H) . mmisi) i,zm 
Lxm^ti. ztLh<r>m^i:ms—mi oiz^-r, =5: 
a. ztiii,cr)mii. T^mmmmcomfH^mzMmt. m 
^X'<r>^^mii<o^ '7:^^-<r>ii^yhm!^. m¥^m 
^ii»i,A^yh§^tmikt<n>m^^-^Mzmrs^ . 
-7v\^yif<,zi:y)m^tih. 

[0090] M,wm<nimmi. 03 , ma, m^mfm 
6 tc^-r J: mmn'h 1 0 0 n mtzim\^iSLmx'(n 

tmm-x'h'o, \>''tti<oyfnmzmvxi>mmmz-m 



m<r>5^vxTX'h-:>ti, 

[0091] mz. itmm 1 wM^cois^tcov^T , m 
m<f>mm^i&^^^wm'h, 07. as. a9x 

xm\ 0J4, B5J*L;t03^f:ISItT'$>O- ^'^¥m<7> 
9y7.9-<nii^yV^i:miiX%»X^^LX^^h. 

[0092] zzx. mmKnw^M. mi. m&. 
m9R-(mioiz5rrti.oi.z. mmm.. mmmm, * 
m^si&.v^m^'nmp^^mz^L, mmzmmfii.z 

[ 0 0 9 3 ] fio^. itwm 1 izii»^^imiTm.<^m. 
\i. ■mm^^uwf'^m^^^m&<^>mti,z^'<. imn 

1 0 » 9 c in-3 T'ft O , ^i^W^mm^U^<r)mif2 x 1 
0'7cm-3-CJ)-:.;t. ID*>, Jt«!S[0!llli, ^SiftStcW 

[0 0 94] t3tit<K0!llt-iiV-kT(4. 075:1^84: 

'&<r)mmfnz-^\.^^^\,i^i,i^\^, ^tj. mtt:fi?9<?)is 

[0095] jtisf^i 1 T-ti. mmsmc(miwm.<r)m 

mmz-m^^um^^-thzti,zxr). ^i^-i±A (« 

[00 96] ^^c, i^i^a'^^A^-j/iA^ j\^mmm/ 
[00 97] (^A-!;T;y;^icJ:i.!m±co^-fl:) 

Jtiffi^Jl tSrfflv^Tii'^/c, -e^OieiR^Sl 1--014 
iiZTTi't'. ^Srfc, ^04'<O "nitorogen carrier gas " J4 
^♦ffCT^S^L, "hidrogen carrier gas" ^tlkMMIi: 

[00 98] 01 l{4GaN®(Cfe{tl.^;ljaK (1^ 

iznmth. 0+. wmimm-^znmth^^m&^Tp 

KW4. Wi^<r>^e^nrFmM ( SEM) t;: 

m<m^\SLm.i "front •• t lts^l, T'SLm<m^^ 

m.i "back" t LT^LTC^S. '>x-»^<?D4"Cx^)^>l[M<4 
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"center" t bTi^L••C^^I. . m^^hJ:dlZ, 
m<r>mmi^Mi. "front " t "back" t^WiTV^ 
{0 09 9101 2(j:GaNJi(Cj$(tl>A;g3LK (i^ 

& J: a :^«sW(± 1 0 0 0 "C— 1 1 0 0'C<o^^iSM 
{4, 10 5 O'C- 112 0'Cfc««iaS*«±*<Stott 
10 1 00] 01 3»4pSfeS»iBl 8. 19KtJJt*r 

Oai^SfiJt. H^Si^t, ftflcC>8«l ooor- 

-u. immni. io5ox:~i 1 5ox;ic«ft 

[0101] 01 4{i:S«[aA (75 / H) Jitcl^v^'^ 

^r-nat'j)?.. mmnA i a^sr^L, «ii«ai 1 1 

Jt«!?fiRliWA ifflmwJf^oi^iO tWN^vn 
[0102] liLh<7)^ii^^*»;i>, pMfS#Jit^l.?S 

'mMmm. m^^%'mT<r>m-^\,z\ipmriy99vm(r> 
m^m'.zmm'.zxhtm^^ixhym. smm/^ 
<r>ms.<^mwM.c>fi. z.<r>:^m<r)^t,zxy)».mmi,z 
^^hyisti^-^mtLx^^h. t.fzmmzm.mmi>z 
^^^hmmmf^^zii^^mx^t^tixm . phi 

[0103]-*. ^wR^z^hh^wm<nmAX'\i. 
^gissc^dj.^ u r:^xt>m'S.mz'^m:^:^x'hh:i t 

izis\3L^tx'^ h<r>x\ WL^k<7>mmi^t lx^ 
mi,z^mti>^^m^^m'^<^^m. mmmmmm<^ 

S«tc J: S^fficojSffijK^bi: Srffljh-f S w 1: h , 

[0 104] BP^,, ^mm&mizxtm. fi<.-mk<omk 

S!e3ia«ift«s-i6i±§*. m:y^ ^-)'izit^ism. 

m.m.ti^iiim^j:^mi^u-^x'i>m=F(7)mfmBi:iM 
i,zimx'^. \^-^mi^:B^it$it. m'Fmndiizm 

[0 10 5] tf^. :$^^mmmizj:tnf. mi:m<^it 



Ttf. mm^t:i'0\^±.$-±i>Zti)^X'^i,, 
( 0 1 0 6 ] $ *lllfe»JSfe: J: Wf, U T 

Lt-MgS:i}i3S«5Jl+lcigA$ii:^<-r«.cOT\ iO- 

At Lxii. A(.m^:^com&<r>5iBnm2 o o otscom 
mmzhicoT. m^tfismx*){>'j^^<xMg(r>rm 

^t<r)mf(=ti?>m.Mnm^t . mmti^2 o o ofgj: o i> 

^ < T M g <7)jg^Ef;y;?. w^M<OSS{f^.ti.&^;^#ffl^i: 

[0 1081 t/t. ^mm&mizitni. pmid, a 

ly Gaj Bi.,.y.j N„ P„ Asi.,.„ (0<x. 0 
Sy. OSz. 0<x + y + zSl. 0<m, OSn. 
0<m+nSl$-#t?) JKO^SiaOEtUTIS. 5 00 
•c:P;S 1 2 3 0'C40ffiHF*|tCj)l,<^T-. 5 0 O'CJ: *) 

t . 1 2 3 ori 0 tigjaT*-5T^»^risa<7)f#ii,ix 

^m^mmizm-ThZtii^X't. S8JSXS«o^^ttSr 

LttiHi i-^mi 4izi,^Ltzm'ox'ht , 
[0110] ip^. *si]5sjg®(c j:<x«f . mmcomf^-;^ 

IUI<7)^ilia««a?tt*>'iJ'-=5rt^OT-. (run to r 

un) iztii'ri>jm<^iii^-:>^^izmizm^x'^. mmv 
[0111] ttz. ^mtmmtt. mki^zit^. pms 

iA^X'^i,<nX\ "^j^^^maH^^^ (run to run) £7) 

[ 0 1 1 2 ] ^/c, :^mm&mi±. tae^tcjf^. msEa 

ABtCfflt^&GaA 1 NJfcOA 1 ffl^^J-^BSrj'cililcKII 

[0113] ^7t$ t>ic, ^^mmma. fi!*tcit^. 

«;&^aJS2r 4 0—6 0*CiSStffiTS-«i-SC: i:*tT-f' 
10^.. til!*. mSLA^<r>l nGaN^vglSiUi. # 
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( ^ 7 -y H ) mM.mz pm.^ys>9 vmis^mwL^ix 

[0114] {m2cr,%mBm) 'MZ. ^W^<r>ni2<r> 

mmmz^hh^w\^-^i.z':>\ ^x mm-h . 
[0115101 3\iz.<r)^mwu-^ffim^ijfcfm 

A.y7r®3 2, nMGaN^3 3, nMA 1 G 

(MQW) C0^S^t®«lS3 6, GaNJi3 7, pffiA 1 
G a N mgE[£tA« 3 8 ^^J^^S^iT V . 

[0 116] iCr. nSA 1 GaNfligaEA®3 4B 
^pSA 1 GaNmffiiiA«3 8<±. SStn;<7)GaN« 

m^Lx\>^h. 

[0 117] $f>lC, pMA 1 GaNUgSaETJfSSa 
rXi*ffifilOGaN®3 9C0±C{i, pMGaNJi4 0& 
l^plBGaN3y^'^'hjg4 lim^^tlX\^h, 

[0 118] pMGaNnV:?^ h®4 l±C{i. pfflll 

mmA 3i(^m&i^ixx\.-^h. x. y^>ymf,zii o-^t^ 

Sai$iX7tnSGaN«3 3±l=»i. n ffllBSE4 2 3&«Jg 

[0119] &±<7)X o^^wu—fi^mmyj 
msi.r/rFmiz-j\^xmp^i> . 
[0 1 20] iL-r, ^yT^rmLsiii. ^mm. 

xmizii-oxmn^tifc^. MOCVDilBeoJpia^lg 
<ir-9-fer^JitcKB$iiS. mz, *^*«2 0L/t«-<7) 
?aKl 2 0 0"CT$«;l o^i-ra, -9- 

yr^rmmmimn3:.y^yyzixh. mz. as 
*^5 5o*ctmia^ix. ^yr^rmw.3i±.i,zf<'y 

yrm3 2tm^^tlh. mziSJ^ifil 10 0-C^T'# 
ia^^t, 5L/:}i-. g^*i5L/^, TMGA^ 

lOOcc/:})-, Ty*-T7&*l OL/:})-, i^vVifi^ 
c c/'^<7)ciLlT-?-iX'fixf<J 1 B^SoS^itf , nMGa 
Nil 3 3*<*<j2jume:)J?$i::jB^$iiS. 
[0121] Z.faz^ iaSSr 110 0*Cf ffil^L/itt® 
T', TMA5 0C c/:«-<7)ogg$:*fjl S^^anjiSvli: 
{Cj:-:.-CnMA I GaN€cSaA;i3 4*^*«>5 0 0 nm 
<?)JI$(C}g^$iXi^cm, S«TMAOfit*&*5f?±$it, 
t<J 1 0 :Ji-ScOflt*&-C-G a 3 5 2 0 0 n m<OJ?$ 

[0122] iXt. TMG<0fit|&*<ff5±S*I, S^jaS 
*«7 8 0*C*-maSit«.. ClcOiajST', TMG*<10 
c ry^-Tii^\ 0 L/:})-. Aimifi3 0 c c/ 

ii-. M****?; 19.7 L/:«-iiS$ix. icO+tCiTM I *< 
Sai 4 0 c o/^b 1 5 c c/4i-i:<0ffl-g-tir-C<!«; 1 . 

tC15cc/#-C'3^raflt|§$^x§-tlCj;0. ^fifi 



^#F^ji (MQW) Wg14SSi^3 6*«Jg^S<X&. 
[0123] JJCfc. ?fc«*«4 0cc/4i-. Sm*«19. 

9 6 L/^, rv^-r*^ 0 L/^<7)8ifirgs$*i:^ 
*«t>. 1 1 oo'csT4^ra*>»tT#ia$<x&. #m 

ffix. :i<nimx'<^^msii^xhhzhifim.tL 

[01241 iajs*«i 1 0 ox:r«i^$<t. 

*^500c c/iJ)-, gS*<14. 5L/^i-. TlVIG*n 
OOcc/^J-, ri^t-T*n 0 L/^i-. CPi Mg*^ 
5 0 c c /iit<7)mM.X'm 1 0 i«-|Slttl&S*fC . G a N« 
3 7*i*«;2 0 0 nm<r>m^X'm^^ith. 
[0125] iiX{CTMA*>'5 0 c c/^Oi^X'i^ 1 
5^i-HllD;tio<tS^i:lCj:-5TpSA 1 GaNHiiiE^ 
«3 8A>'*«j5 0 0nm<J5J?${CJB^$ili.. Jt/t'L, ± 
iepMJi?:m-ri.^<0*«^mJK««Odf A' U r;if;^.t4 

i:*>'i>K0i±5t, jg»io?acvD^MrtT'*mciti2o 

EgartCS#, B3P«B5*«BCl3 ^xtcj:oT;X-91S 

^{CX-y^y^^^iiS. :i(^i:oi,zLXVm^fifz 

S3B3 0L/^i-«?)>tiT-i 1 0 ox;t-c#iaSfi. 
[0126] iKtc. iaai 1 0 o-cx-. *3g*^5 o o c 

c/^, g^l4. 5L/^i-, TMG**1 OOc c/ 
TV^-T*n 0 L/:«-. DMZ {'Jj<^)WJ> 
) 5 0 c c /^i-cOgSfiT'*!; 1 iSfrafitJ^S i MG 
aNJ13 9{-J:'9nMA 1 GaNmggaAJi3 4*><oP 
SA 1 G a NmSt^ii 3 8 iT'*«aaX«jfei: . 
icoj; 3 =5: i MG a NJfcO^^^ , 

t-*^^S?S^r t' 5: ^ y iiA-r § ^ t J: r. Tf^S-T 

t^tgT'fc-S). W;e.{f, 7l<STii:20 0keV. 
1 X 1 0 1 « c m- 2<7)aAT'Se^-f -I. C t A^T'li ^ . 
[0127] mz^ iS&if 1 1 0 O'CX'Un^fVtzt 
t , 3 0 \./^X'm 1 ^^SS^fL. p SA 1 G a 

N«SEitAfl3 8±(C^-oTV^*S i02 *ix.yf-v:?< 

[ 0 1 2 8 ] iXic- as*^' 110 o•cr«l^$^^Jtt 

3SI*»500cc/^J-. a**«14. 5L/4i-. TMG*5 

loocc/i)-, r>'^:-r*n 0 L/^)-. cpj ms 

*55 0cc/:»-<OS£aT'*<32 7^)-Sfit|§SnT. pMG 
aNa4 0*«*«;9 0 0nnic0ff$tCJ!g«$ixS. $/5> 
{C, CP2 Mg3!)«l 5 0cc/^{CiSS*«liJn$<X. 3 
5i-H«*&Siii.ii:lcJ:-7T, pMGaN«4 1*WS 
1 0 0 nmt:'»«$#lS. C:<7)««»J(!ra^ri:-<^toe 
S-i^t-»irr(CpMMaS:ll31T^^. $<i>lc, ^i^h 
<r>mAQmfA\^^^-thmz\i^ 3xiOi«cm-3 
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[0 1 2 9] TMGSlXCPa M s<r>^1f^i)<f¥± 

Six. mmmijmi&tx'^iSi^tii,. )t7t'L. 1 1 o 

0X:i)^^3 5 OX:tTii?m 5 0 0 c c SSI 1 

4. 5L/:JJ-, ry^:::^ri OL/:«-Ai?|f;ggttt*&$ 

ili^ft, 3 5 o°cx'ry=i:-T<^mi^ti^t¥±^ti& . 

[0 130] CKOi^tcLtm^^UtU— rWJiS-, 

MocvDjia;*>^>Bxott}L. mw<r>M^mm^:^^-< 

•y^'a^t'S-ffll^T, nMGaN®3 3lcS*UTJi. P 
t (Jf$50nm) . Ni (Jl$5 0nm) , Au (JS 

t,-Pnffl!llSi4 2i:L7t. pMGaN«4 1(i 

K> WItCPd (J5$2 0nm) . Ti (JS$3 0n 
m) , Pt (lf$20nm) . Au (i|r$2xim) SrJ^ 
b£L, ^^t-SOOX:. lii-^tTjiBiK^SritrittJ: 
•J, 7xi0-3£2cm« SJK£05j--S'/^'^pffljm«S4 

ZtL^^lZmLfc-^mt. Al, Sc, Ms. Si, Cr 

[0131] mz. z<7)]^-^mmitmwi.mt^(>x^y 
^j<^t'izj:*). ^^m^ti. ^imi^-imm^ti 

Z<^^olzLXim^tlfc^tiiU-^im^4 2 

4. 7 VCL^<r^fES[S&JKJ43kA/'cm2 X'h-ofz. 
[0132] ±^L)t J: 0 lzm2(Dm&mmK:J:1xii. 

mi<ommmm<r)m=i,ztuz., ^^mMm^m<r>^ 
[ 0 1 3 3 ] ^rtj. m2(r>mtmm<7)^mt txa. 

2-POpSGaN®4 0, 4 1 ^m^-f h'^.co^^ 0 

±^L:^^^m=fcV%T. T^<0pMGaNe4 0«0 

c0pSGaN;i4 ItfOJK^BfftC, ±^-v'JrXfXS:Mlg 
izm'Omx.. Li^hik. C:tfOpSGaNJi4 l^^^L 

[0 1 34] Ki*{4. Tm<r>pm.Gsi^mAo<rmwin 

tcMg*^vStt-fb$fL^<Tt>, e±Ji^0pffiGaNil4 

1 <rmnmi<z , fiS::^^«>' 1 1 0 0 "c i: rn^x-ii h tz 

isb. 3^-&aiO^®am*»Tii<?)pMGaN;i4 0lC-fP 
ffl-rStcOfciiSI^ixl.. ttfc, i:«<?)pMGaN®4 

[0135] {'m3<r)%mmm) act, 3ti:%Bfl«om3co 

[ 0 1 3 6 ] 0 1 it- Y<r>m^i:in-t 

mmmx'Sih. cto^r-f 3J--hj4, ns^o2Has 

iCS«5 1S:*LT*J»3. S«5 l±t::GaNi: S i 
5 2±{CnMGaN®5 3, nM I n G a N^l^iyS 5 



4. pMGaNJi5 5*J^c^Jli-CaJi$*l-CV>.&. ffiffl 
$ft&Hw-?:^H4, nMGaNJi5 3*«S pMG 
aN®5 5*«MgT'*&. nM I n Ga 5 4 t pS 
G a Nil 5 S^^**??;^^^^- + U T;<fXi: LTM^A^fig 
IS«;<rxi:LTr:xtriri:*«Ga|R1Effc*« 

mm^fi. pmY-f<yvhLx^y{sm.fw^m^ 

tlh, ttz. ^itaMglim=^E-v!;TXfX(;{4*m**ffi 

[0137]— nMI nGaN®54i: pMGaN 
« 5 5 J':«'f-c0Jl««;R^t=:{4±^ -v'JT^XtLXyim 
imS^^fth. pSStXnMGaN®5 5, 5 3<0^^ 
UrieS{4v>-rfl.i>2x 1 Q-^^cm-^X'ht. 

[0 138] ttz. S 1 C^5 1 W4nffla«Bi5 6*5 
JgffiSfL, pMGaNa5 5fc(4pfflimffi5 73&<Jg^$ 

[ 0 1 3 9 ] icoi 3 (3 L-C#^*X7t^«J^lC n&Vp 

^nm<.z. v>\mm(r>ay^9vmiKim^x'%tz:it 
cio. *i'»#*<tK*c^*«;5<stcex#$ti., 

:mi.z^}L^tLtz. 

[0140] {.'mA<r>m:mm) mz. :^%m(r>w.Aa) 
[ 0 1 4 1 ] Hp^, T^mmmm\±. ^wm<r>mm mi 

SClttcJ: 0, pMA 1 GaNmSSaTv^l S^t^pM 

[0142] *«tw{c{4c«ji.tf , mmmm^z , g a 
hm.mi.zm^mii(yKhbmz. tmg, ruAmfz. 

[ 0 1 4 3 ] ^v^T, _hiecov^-r*T.*><7):trffit J; 15, m 
^mm'i-(^miktMWj:^i.zm-h t x-mmmi^ 

m&-ti>. NH3 &«i^Lo-:f»t«.'5:t'<^*^-e, ^ 
±l;:SttCJ^^Lit^fiS*»<l,«OGa, in, t4^<7>fm 

[ 0 1 4 4 ] mm/f:x.Rt/±smm^:x.iiS~^ 
[0145] zzx\ Rfiim.mz^Ltir^x-?miz 

X*). pSAlGaNmSSaASlSatXpSGaNa 

[01461 laT, um^:^<Dmit^f¥±^ti. mm 
[ 0 1 4 7 ] WF<r>^^B^m^J:t'^±mmtm 

[0 148] ZCO^^a^U—fti^ $«;3 0mAi:V^ 
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[ 0 1 4 9 ] ±a ttix 0 icfn4(omsmmizj:tn£. 

NmSSaAJi 1 SSI^pSG a N 3 hjf 1 9 SrJg 
( 0 1 5 0 ] «ttii^^lH^cOttJ&{cJ: *) , Ti^ 

[0151] jRTo r rgjSmT<03gWSl{C-rS 

CltlciO. Ga (Al ) N<7)3*,, N<^)-9--f bOSTL 

©iCt^ltf, ^^r^X-7S-fflV^Tl^ScOT\ Ga (A 
1 ) NtJ3{t«.N«01f-f b<D^lU)^m^-L. Mg**Ga 

[0 15 2] ttz. :mtmmii. ^2<ommmizm 
i?spSGaN«4o. 4 1 . m3(omtmmiz^hi> 

P MG a N jf 5 5 tC-Ol t> |Sl«(Cj®ffl^lgT'J> I. . HP 
C:ixA>pSGaN®4 0. 4 1, 5 5?r7'^Xv5: 
fflV%-C?g«LTt>. 3|s:|l*tee.®tll^{CMgOiStt-(fc^ 

[0 153] (USeoHMJ^.^) JaiiU, In 5-^^:3: 
v^pMGaN^^««£;iSrmSii:«3>'5'^' h«(cfflv^ 

)tJ^co#seHKg!S-cj)-:»t. act:. igs-^gwUM 

mmtLX. I nS-^tfGaNi^^it: ( I n. A 1, 
Ga, Bi-.-,-, N. P„ Asi-..„ (0<x, 0^ 
y, OSz, 0<x + y + zgl. 0<m, OSn, 0 
<in+ nS 1 5:-^tf) ) m^WMtcoa hmi>zm 

^^t:m-^cr>^mmmm(,z-:3\,^xmBm-^. ^a. n^mz 

[ 0 1 5 4 ] a 1 7 ii^^^mcomscomtmmi^^hh 
mimm^wm^(7)mmm^j:mm^i:^-rmmmx'h 
zcr>mimm^mfm^^i. ^yr^rmsie i± 

fcr. nMGaN (In, A 1, Gaj-,., Nfc-Cx = y 
= 0) a6 2, pfflGaNB6 3, pSI nGaN (I 
n, Al, Ga,.,., NtCT. 0<x<l. 0=y)® 
6 4*tJl»3»«$*t-CV^&. ^ti. Z<^mk(^J:tHi. 
pSG a N®6 3 i: nSGa NJB6 2 i:Tp nS^*gg 

[0155] m^:ijf^<^^mmm^^) mniZTH 

■t^^B^mmi,z'o\,^x . mis (a) izT^rjioiz^ s 



(C. 3|s:fgB^ffijg;b><^pMl nGaNJB64$r^L)t«! 
*ffijS{cov^Tt0i 8 (b) (c^idt::, aiS:^ri*i 

iziQ-yx^mmm^^irm^t:, 

[0156] ^(OmSk. mm^hhi)^i>Xd tc, pMG 
aN®6 3atfpai nGaNJi6 4cOM/i<7)MgigS 
*i5xi 0>9cin-3cot#. mm) «JilCj:Sp 
SG a N®«0*«iSia*«8 X 1 0 19 c m-3T*S<0lC*t 
L, 3(s:^B3^3t£0. pSI nGaNa64StXpMGa 

time 3<omm<^7mmmi6x 1 o»9cm-3-cj)i.. 

C:<^)fiU4. fi!*<OpMGaNJB<0««f*. MS+f 7 5 
0*CT'3 0iJ-ia«7)^a!Sr*l;c.it^*igiSiSi:««2'l^ 
— ilt-J>-6. 

[0 157] tti. 05^»4L^:V^*«. pMl nGaN/i 

6 4{4. mmnm<r>mmm^i}^5 x i o>8 c m-^i^xTx- 
f> 0 . mmn^<7ym^mmi}^ 5 x i o > » c m-^vxTx-h 

r>X . ^^Wcmmi)*^ 1 0 0 nmUUia!l^fi[S*»^>S« 
ffl!ltC|6l{tT3~l OX 1 0»7cm-3iOffiHrtT'^l^fc 

Kc-yx^'^fz. m*>. mmnrnzmt. m^f^hfL^izm 

[0 158] (C-vai^) 01 9«iJ3Lh<OSIMSt»• 
*f^Ol^f4^;:S^L. c-va^{cTSi«(i<)=5rri?-tr^ig 

n G a N JS 6 4 U >y f-cO#H^T'fi£;g-r S /ci^> . 

as sr ownX'i>^U(r)pmmb^i>. ^L<r>t^ 
eOpMGaNJi63{i. l25^-r-S.J;-3tc;, as gro 
wnTlSffifil^Op^t^O- -^-cOffl ( 5. 4X1 0i» 
cm-3) {i, gf3l5^JScOpMGaN® (a s grow 

nT'jiissei) io^fttii. mmnm^'pX'mKmmizm 
^tii>mtmmLK\ ap^, i n sr^tf*^«tiif$> 

•SpMI nGaNJi6 4S:±JlJcfiii;t<0-C, TWsOp 
MGaNBeS+^iOTKJg^OlXOJi^itAiitpSlJ^ix, M 

[0159] (^m) ^a. mi iizTp-r^^B^m 

ma, 02 OtC^-TJ: pM I nGaN®6 4{Cft 
tX^ nMInGaN (In, Al, Ga,.,., Ntt 
0<x<l. 0 = y) Jg6 5*«Ui(=(iiTt>J:l^. 
[ 0 1 6 0 ] ^ !^^. 3ls:»Hfl«jS«. P^G a Nile 3 1 
pSI nGaNa64<0StC. pSI nGaNJi64 J: 
n<0«^Jt<0(SV%pMI nGaNSSr:rt-?£$-til:T 

[0161] tfc. 112 ItC^Ti^tc, Ti^H-Ti 
a I nGaN®6 6?:8tC-CpMGaNig6 3i:naG 
aNS6 2tT'P i n^g^^-Jg^LTtxtV^. *%BJ 
{4. pnjg^Xtip i n«■&^OV^■m^rii^tTtJ: 

[0 162] ^7t, 02 2(c^f i^Jc;, aB5^:7:ro 
v'fOKSiO^C*^, nMGaN;i6 2i:-9-7r-<r^6 
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- SGaNS7 2SrJg^LTt>J:l<^. S ^.tC. TVK- 
yimi nGaN®6 6cOTJi{-nffiA lGaN^73 
"tm&L. T>H-riMI nGaNJi6 6<^±fllCp 
MA 1 GaNji745r»«L, ZtlhmA I GaN^5 
•yHJi7 3. 74 trvK-r i SI nGaN®6 6fc 

10 16 31 m6<^mmmm2 3ii^mmff)m6 

i^-rmmmx'hh. z<r>mimj^^tm'^ii, mat 

iK5g«jSS-*t«. t COT* 0 , r rS«8 1 ± 
tc. r>'K-rGaNTttJi8 2. nSGaNnV;?':? 
hSSS, r^-H-TI nGaNvSttJ184SlXpMG 
aNtlSSaEAJlB 5*iJli»3efig$nTV^S. 
[0 164] tti. pMGaN«SEaEA«8 5±{C{i, 
Iggtco n MG a N 8 6 3&^S?WtcmS itf 

V^S. *3t, pMGaNmaaAJi8 5±ai/nSGa 
Nma?K^iS8 6iitC{i, pMI nGaN3:/:J'i? 
8 7*i?B^$ix-CV^S, 

[ 0 1 6 5 ] <>:tc. Ja±<Oj: a ^:mSSI«5«6f8ji^ W-tS 

[0166] zc^mim^mtm'fii. 024 ( a ) 

^T^«8 1±tC, T>K-rGaNS8 2, nMGa 
Ne8 3. TVK-rGaNS5tt®8 4. pSGaNm 
ggSEA^SS, nSGaNma[$^56a8 6*^IBJ-^A'>' 
^N*-l*IT-^WtCB(£$itTt>&. ^ntk. 02 4 

( b ) IZjfri-J: 0 tc. nMG a Nm^mf^ms 6*tgS:»- 
Wtcx-yf-yrm^Si!*. L*>&f^, 024 (c)l,Z 
^•tXoliZ. 2igB<0MOCVD^:g 
0, pMI nGaN3>':J'^ hJi87*iJ^^$iXl,, 

(0 16 7]^fe. pMH-y-^i^hCJi. MgXJiZn 

[0168] uui<7)®t:s^ic i ^ t . M^^izx 'om 

^^tLtipMl nGaNa:/^^'hB8 7<i, fT^PI^ 
{SStitcOpSat'Sri.. 

[0169] l|HlgCCS;:lS-^/v:pMGaN«ori 
WJS85cr>dib^ iBcOnMGaN^oKT'n /^'JiS 

^iil«*<3x 1 0'8cm-3<r)pS<RSUtiiT*>-7;t (S 
IMS^^iO^m, MgjfUS{i2x 1 0»9cin-3-C'J>o 
/C) . 

[0 170]-:^r. pSGaN«ggaEAJB8 5i03-^. 
nMG a Ntgffiyo -y 8 6 T'St>ix:itS5W4B«ft 

[0171] Ji^L^tJ: 3 {C3ts|ISfi}^.®{::J:fL{f, 
iltCiO. pMI nGaN3:^:?:?hJa8 7 5:m-r^ 



[0172] (gggfllJig) =5:fc. *S|J6J^ffi<7)flUt{i, 
02 5lcS^t-J:atc, -y-^r-^T^Bli:. TVK- 
•rGa.NTtm8 2t<r>mz^ GaNyN'y7r®8 2a 
Sri£{tTt>J;v^. ^-t, 0 2 5 J: 3 , TvK- 
n nGaN^g^ta84^:n^GaN3>'^'^'^Ji83 
twraC, naAlGaN^a7J89 1S-|ft{t*i:^t 
iz. pmGaiNmSL^XmsSlZittX. pMAlGa 
NmS5aA«9 5S:Cix-CtJ:V^ i/i. p^GaWm 
SSaTJiS 5X«4pSA 1 GaN«8iaA«9 5cOV^-f 
flT't. nMGaNmijfiS^^ii8 6XJ4nMl nGaN 

[0173] (m7<7)mMmm 02 6«3|!:5gBJ<7)|p7 

(^mmBmizi^hh^mwu-^commtriji-rmmmx' 

Ib'O. 02 4 (a) ~ (c) &t/02 5t|p^— |[S^i-tC<4 

m-n^i:nLxmm-t?>. z(oimi^i^-^ii. ^7 

r-Yr^8 1±{C. GaNy< y7Til82 a. TVY 
-rGaNT*fi;i82. nMGaNn^-:?^ h«83. 
nMA 1 G a NmSSaAS 9 1 . T>' H-r G a N:!!r-f 
K«92, MQW;miicor:xK-7'A 1 GaNvS1±ii9 
3. pMGaN;!^-^ K®94. pMA 1 Ga NttSSaA 
;i9 5. Pi!GaN^85aEAfl8 53!;«)«»3g^$iiTV> 

[0 174] pMGaNm8£aA^8 5±t«. nMG 
aN1E8S»5^ii8 65&«a!iR6<?fcjeB£$nTV^S. t.fz. 
P MG a N mgiEiSAii 8 5 ±Ml/tC n SG a Nm8Si05Sg 
;i86±Wi:, pSI nGaN3>':?^hS87*im 

[0175] pMI nGaN3y:J':7hji8 7±lCJ4p 
ffl!im«E9 7*5m$*iTV^S. x-/^>'^'^t;<J:0-IS 
*<Sai n MG a N 3 >- ^' hS 8 3 itcti n fflUm 
ffi9 63&5J^^$nTt^S. 

[ 0 1 7 6 ] fei±<7)J; a i^^m^-^irm^ 

mmff-mzr>\.\xmMh , 

[01 77] 027 (a) Ic^-Tiotc, If^T-^TS 
S81C0±C, MOCVD^tCiO, SOnmllcOTV 
K-rGaN(In, Al^ Gaj-..^ Nfx = y = 

0) >'^>y7rJ18 2a, 2jwm®<'3r>'H— TGaNT 
it6ii82, 4//mJI<7)nMGaN3y^^ hJl83, 
0. 3/;cml|[<7)nMA 1, Ga,-, N (OSqSl ) m 
S5aA®9 1. 0. lummOTy]f—yGaiN7(f-(\t 
m92. In, Ga, Al,.,., N*>4.^SlgfHKJ? 

0 . 1 >umiO#SJl^#F«IJt*»'c>^.|.T>' H-r I n 
GaN?Sttjg93. 0. 1 //mJSeOpMGa N/f'f KB 
94, 0. 3x<nilfiOp^A 1 , Ga,., N (OSqg 

1) «gSaAB9 5, 0. 5/imW«0pMGaNmcS[a 

lMmJP<OnaGaN (Al, Gaj., NT 

<i=o)m^^m8 6tfi'^^mzx<omfS.$ti^. 

[0178] ^fe, nM«0^%lS&Si4^y i^7>' < S 
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(CP2 Mg) c7)»AlcJ:0, SSfJffliSiiS. 

[0 17 9] 02 7 (b) lC^-rJ:3t=. nMG 

^^^/^{CJ: 0 pMGaNmggaAJlS 5^S^fflt::SS 
ai$^* J: 0 icSSii-WtC nSG a Nm8iE$«E5gJB8 6 im 

[0 180] pSGaNm8fEaAJ18 5±MlX{c 

nrnGanm^mmmse^itzii^ m^i (c) {ci^-r 

J:5tC, MOCVDSfcriO, 1. 5>tzmJ|[tfDpai n 
GaN (In, A 1 , Ga,.,.), NtCT. 0<xS0. 
3, y = 0) ny^C^Vmaitiim&^iXh. Z(Ot 
# . ^«iae«7 5 OiC~l 1 0 O'Ci: M«/f;^co 

[0181] Cl^l-C. f#^>nJt'>x>'Nt4MOCVDilF*> 
02 8 ( a ) iC^-r J: a IC. nSGaNnyrJ'^' 

[0 182] yclZ, ^f7T'fT^8 1(4, GaN^# 
#*«8 2 a-9 5 SrtflSt^tiSltR^flBltfOBOWe^ 
tdiO, 1 0 0jumSjg<?5J¥$fcJg^$*tS. 

[0 1 83] 02 8 (b) {c^-tidlC, nMGaNa 
y:?:? hJi8 3±{CCT;ttfT i -Au^tfO^JgtCiS n 
iS!l^9 63Wg^$ilS. •7J:<.:J'<?3S i ©2 

02 8 ( c ) l,Z7jk-tX 3 pM I n G 
aNay^^' hS8 7±tC0yx{fPt, Ti/Au. N 
1 ^*><?>=SrS Pffl!imfig9 7*«je^S*lS . 

[0 1 84] ^fc. iC:-C\ pMlnGaN3>':?:?h 
®87{i:. a®l?^iaS*55xl 0'«cin-3OT-Ci> 
•? , ^®K^iftK*«5 X 1 0 '9 c m-ajjlTf* "9 , iSffi 

[0 18 51 :i<oiio\,znh1xM3.JMi7s^'7^f'^ 

[0186] Z<r)^t^U-^li, ^^-^4 0 0 n m 

[0 187] iMLfzXo i,z:^mmmmi,zj:tni. 
mmmmizxini. mkcr,m^:ii\s^^i^^)u^mzija 

[0 188] x-:>x. mmmziimmmi^m<^j:hfc 



4^. m^mA^m'-^tii. ^Jt^^<^f»«iatv^3 
jMizi i>mmcr>i^m'^nm0)i&^'pTff)mimizj: 

[ 0 1 8 9 ] ^^i, affi<^l?mj8JS, ^iaKSrfia-C' 
§ SCOT, i^tn:TA»^:5r- Sy^nVrJ'^'h 
T^. i»f^m£E5-fiT§-tJ-, t-oT. ^aS[:^4 00n 

[oi9o]§4>tc, pm\'-^^yh<r>mm (Ms 

m) . pmi nGa.Na>:f^^hm87</imm (50n 
m—l SOOnm) ■<5>I nCOfSH^itx (0<xSO. 

3 ) , ^-v OT/fxco^ (*^;y;^-^r>'t-r5:# 

(mm^:^ : *S!l;<fX= 5~2 0 0 0: 1 > ^Ifif^m 

^^mmz$)hc7ix\ a±.<r>^m^^^s.r>mmi>z^ 

[01911 (^mm) :^^mcr>m7<^mm 
mi±. 02 9(cs^-rJ: 1 mm<7)^^i,ztnf& pm 

GaNm8gaAii8 5*»«B&§<X7tfi!jtTtm\ Cl^O 

2mm<r)!gLmzxom^$tihmii. 0301=^ 

-f-JiOliZ^ pMGaNa85atpMI nGaNrJi^^ 

hma 7 t<^2mmmvh-:>x 
[01921 (macommmm) mz. ^^^mcomaco 
mssmmizgi,hh^{^iy-^i,z-z}\^xmm-r&. 

[01931031 iiZffi^ti:l'-^<7)WMm:mfSi 

i:^-rmmmx'h 0 , 02 3 1 m-^-ii-iziim—n^?: 
m^-^-r^ii<ox'$>*). v-yr^rmi.8i±iz. rv 

H-7'GaNTtfiJi8 2. nMG f 9 VMa 

3, ryY-Tl nGaNvStt«84SlXpMGaN^ 
SiEaA«8 5**)iR<i(3g^§*iTV^S. 

[0 194 1 pMGaNmoiEaAS8 5(4. SlRJC-y^ 
y^^lCiO'J^yv-'j&iJ^^SflTV^I.. pMGaN 
^SSSETJi 8 5 {4. U -y i^'tli-hcOgS^itClfiacO nM I 
n G a N mSE3KKaw>ii 9 8 t^mm.zYm. § ilT «- > 
S. pSGaNmg!Ei£AS8 5(7)i; •yi^*±S.Vn 

MI nGaN3tB5ia6®9 8±lC«4, pSi nGaN3 
V99Ym87im'^^iXX\^h. 

[ 0 1 9 5 1 <>:tc, feliOi 3=5:Stff*«^M«jS^* 

[01961 Z(r>^W.V-^\.t. 032 ( a ) {Z^-f 
J;3lc, llH]BtfO««tc<J:0, ir7r-<rSM8 l± 
(C. r>'K-rGaNJg8 2, nSGaNJBSS. 
H-rGaN?gtt^8 4. P^G a Na8 53&{|B1— f-^- 
W<-rtTj^WtCje^$ix«>. ^-c^Jf^, 03 2 (b) 
ec^-rJ:3k:, pMGaNSSSAtgS^WtCXy^v^^ 
^$*XT'J-y>''*<J^^$fLS. ^yt:, 03 2 (c) 
^■t J: 3 , d CO U -y >''±(C(4 S i Oj v;^ 9 9 
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(2^SCr>gL^) IZiO. SiOj m<^-?X^9 9m\- 

9 99im^^tl. 3mm(r>^mzii^ , 032 (d) 
fc^-rJ:3tC. pSI nGaNJ18 7i<i<pSGaN®8 
5 O li <y 'J±mf nM I n G a Njg 9 8±KHB«3*i 

[0197] J: o^smmnmmm&t lx t> . 

^mk^mi^i^nmizpm.1 nGaN3>'^'^'hJi87 

[0198] (SgJ^jft) :^*J. *SISfe»SS<7)«Jg»i. 

H3 3(c^-rj:aic, -9-7T-^rs^8 1 fc, rvK- 

rGaNTiiyi8 2fc<orat-, GaN^N'-y 7r®8 2 a 
S-|g{tTtJ:vn *3t. 03 3tc^^-rJ:9tc. r>'H- 
ri nGaNvS1f®84fcnMGaN3>'^'^'hS83 
fcO^tC. nMA 1 GaNfl:^aAJi9 iS-ISJt&i:^ 
pMGaN^gS^ji8 5{CftiT. pMA 1 Ga 
NmSEiiA® 9 5 JrfiiiT t J: t \ 
CO 1 9 9] S7t. pMA 1 GaN«8fEaAil9 5S-«i 
Jty-^J©^, nSl nGaN3tSji>^Ji9 8tCft;?.-C. n 
MGaNSr3Kffl5i*bjifc LTJslfflLTt J:v\ fiP*>, n 
MI n. Gai-, N (OSxSl) 3tWji«>Ji 9 8 tcte 
(r->T. I ncO^^J-Jtx^Oi tTt J:V\ :3r*J. nMG 
aN5-j$ffl-tJ-r, pMA 1 GaNms£a7Ji9 5lCnM 
I nGaN3tHai^>Ji982^fflV^■Ct^^^^i:^iV^p^ 

[0200] (^gtoiiiitog.®) m3 A\i^%m(r)m9 
<r>^ismiizm> h u -^(omm?:jn-tmmmx' 
h*). 03 2 (a) ~ (d) mm3 3km-siimzii 

T-<ra«8 1±{C. GaNA.y7TJ182a, r>'H 
— rGaNTiftS82. nMGaNaV:^'^ h®8 3, 
nMA 1 GaN«sE[&7^ii9 1 . r:^h'-TGaN;!!f>f 
F«9 2. MQW«jtc7)r>-h'-n nGaNvSft®9 
3, pMGaN;>y^ HJ194Sr/pSA 1 GaNmSE^ 

[0201] pMA 1 G aNnmt^M 9 5±«±S1RX 
•y^y^^triO 'J yi^i}m^^tLXK^:^. pMA I Ga 

I n G a NmgrdtP!B)ii6a 9 8 *53itl?6<){cjg^S*iT V % 
^^C, pMA 1 GaNmsPiaA^9 SCO'J-yi/Jia 
t^nffll nGaN7KffljiJ6e9 8±(C«. pSi nGa 
N3>'5'^ hfflS 7*{Jg^$flTV%|,, 

[0202] pM I nGaN 3^:^:7 hji8 7±tc<ip 
fflflaflg9 7*<}g«$^irv%S. X-y^^^^^CiO-SS 
*<SStli$iXJtnMGaN3>':J'^ h«8 3±tJ4nWm 
fii9 6*i}g^SnTV^^. 



[ 0 2 0 3 ] act:. tLhOi a '5r4^«tL'— !fcOSBt:6- 

[0 204] m^mmizm3 5 (a) ics^-riotc. 

^T'f raffi8 lc7)±{C. MOCVDffitCiO. 5 On 
mffor >' K— 7*G a N (In, Al^ Ga,.,., NX' 
x = y = 0) -'N'-y7rS82a, 2ximJll<7)r>'H— r 
GaNTt&182. 4//mJI<^nMGaNn>'^'^' hJf 
83. 0. 3x/inJ?<0nfflA 1, Ga,., N (O^q^ 
l)mSi±A«9 1. 0. l//mlfcor>'F-rGaN 
;<r-fh'®9 2, In.Ga, A I,.,., N*>4>:3ri,i^ 
1^0 . 1 *e mCO^afi^#Ffllii*>^.^:S TV K-r 
I nGaNiS'ttJi9 3 , 0. 1 Mm!$.cr)pMG aN:^-< 
H«94. 0. 3//mJlcOpMA 1, Ga,., N(OS 
1 ) m8SE^EAJB9 5*<^BJBKft{c:J: OJ^^^h-S. 
[0205] mz. 123 5 ( b ) tC^-TJ: o tc, pMA 
1, Ga,., N (0gqSl)«JSaAJi9 5±l:Si 
Oj S9 9^<J0>'N*:J'-->'^^&Of-7;^4r>'^*«Jt$^T., 
Xy^>'^^{Cj;t9pMA 1, Ga,., N(OSqg 

1 ) «8SiiAJi9 5t^mmnzmti>txm^^ixx u -y 
[0206] m^^x. H3 5 ( c ) ic^-Tj: a mm 

^ftlc<J:OpMA 1, Ga,., N ( Ogq^ 1 ) moS^ 
7Ji9 5<?5«J«y>'-jai'h<DSP:}J'±fc:nai n, Ga,., N 

( 0 g X s 1 ) 3traai^>a 9 8*« 2 maw^Sfc J: oj^ 

[0 20 7] tfi. pMA 1 GaNlSiEaA/19 5<7)U 
•xi^'il^ifctt^S i Oj m9 9mcr>'?X^tfif^^tl 

^hl,Z^ MOCVDftlCiO, S3 6 (a) ic^-f 
ioC, pMA 1 GaNS8g^®9 5£7)iJ yi^'iSL? 
-eoSfflCOnMl nGaN3tEBa4^^9 8±l=. ljum 
JScOpMcOI nGaN (In. A 1, Ga,.,., 0 
<xSO. 3, y = 0) m87ti<m^^tl^. =5r*iMa 
mmi,z, iWi:|i<7)«:giaK{47 50*C— 1 OOO'Ct 

[0208] tlTfrai5]at=, icO'^xVNji. 03 6 

(b) (Cii^-r J: -5 tc. mmmznmG aNa y^ff hm 

8 3txm^?>m^tX'3Ly^y^r$tititk. -9-7 
r^8 1 imm^iz xoioou m^<off s cjg^ 

[0209] ttzmmiZ, 03 6 ( c ) ICS^-TJ; dtC. 
nSfGaN3>:J':J' hJiS 3±tCnffl!l^9 63!>5?B«$ 
pMI nGaN3>-^':5'h®8 7±(=pigmflS9 7 
tfim&^n.&, =S-afii9 6, 9 7{4-h?)S|51;K<0« 

[0210] mffi#^Tf^<0'>x-'NJ4, 
^m^j:b'lZj:D. ^fSL<r>^ yyizm&^tii>. #^>yr 
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[0211] C<7)^«cU-if{±, mTj^lSiaiCpM I n 

[0212] jjs L-^ti ^ i,z:^tmmi,zxtn£, mi 

(O^BMcO^liZiat. PMAI, Ga,., N (OS 
q S 1 ) JB 9 5 CO U -y xSi: 'J y i^HSJSli'kOBS^Sl^fc: 
nScOI n, Ga,.. N ( 0 ^ x g 1 ) Ji9 8(0 
-'N'V K^-^- -y rx^vP^^-Srrv H— :r I n G a 
m9 3 <0^<y \f^^r '/ rx^/Pdf- J: O /hS < J: -5 

< mixmmMmm.<r>^{^v-^i t ^^-r c: 1 
[02 13] {miocommmm)mi..mi5. mi 
(MocvD) ffifcj:!), r:^^-r;y;^ (NH3 ). 

^ifeJSJK^Sf (TMG. TMA, TMI ) . RX/V-J^ 

yhMfA (CPi Ms. s i H4 ) s-fflv^-cm-rs, 

fit. pSG«S-*^SiicO». X<4nSe»^*-rS 

•rUr;>yxS:, CO. CO^ (OiftKO. 1~10 vol p 
Pb<0^m^:^:^f)>h^?>^^r VT:^:^t-ri. CO, C 

O2 (O?SJ^*-'::<7)|gHj:0i>^t^^-^, ztihco^^nm 
y^'-? hs.mm<=^hmm^hh, sjt. co. co 
mi,zj::hm.mm.'p}& (mm^K) imiibhf$)m^m- 

[0 2 14] tti. pmiiMmim(om,covms.mt i 
nmmm<r>mi^& (mo i > jt (v/m jt) ^GaN 

®fiOlS;:l-C'«4 3 0 0 0 WF. G a A 1 NcO^^^TJi 3 6 
OOtlT. CiLI nGaNmi|i^«s®<^^:^T'{±3 0 0 
0 01JIT-C'?^|R-^S. V/Ill it^±M£r,ma±(,Z^& 
t , M g<Or^'-fer^'X«=^f -V 'J T'^<OJStt^fc^*<ffiT 

[0215] ^^ifijgRgiij: oimtfcm^mik^mii^ 

g(±, tsejRCT (#^^8-3 2 50 94-f-, #IBT8- 

2 3 6 7 4 4-^). wizimmtf^m i -m9<r>mmm 
mizj:^m^(7>2^tXkiz^'o. -fcoie*. pMear® 

t pWmSifc C03 ^ bm,tn.i)^&mTt , ig^cOlW 

#tt(0^v^^^^*^f#4,*i.i,fv:ft, fifjftiOSSSlcifc'^, ^ 
Sm. n;^h<offiT-t>:*:]^^r^U-/h*<#<i>ns. 
[02 16] (mi icoS^Sfem®) lai , 111 5, Hi 

6.02 8<oflSji<o^«EU-if srWfla^mmffl^^ 



(MocvD) aiciO. ry^r-rxf;^ (NH3 

iSta^SiaS (TMG. TMA. TMI) . RX/V-J^ 

v-Ms^i (CP2 Mg, s i H4 ) im^-^xmrn-Th. 

® Sr*trS^ffl#®K^r<oa ^ Jg^-r & Igtcfflv ^ 

■v'Jrxr;^$r, (H2 ) aUSl vol ppbtlTlcWS 
$ <ut f> ^: I. ^ -v 'J r i: f S . 

Hj coaSAtiwfifHiOt^v^*^, -etfO^il*)*** 
;RBfiaffi{c«^Et^<^§;t:«^, pfflimSfccony^ 
^'hfi!Ji*^S<=3:«.fill6)*<*i.. H2 <oiftK*t<r 
<OjftK<0lEHJ: 0 feil'^iSrVV*^, *»cJ:«.S*^fL^ 

[02171 tti. pm^$mi^m<^m<r>vmmnb i 

1 immmcomi^m. (mo 1 > it (v/m jt) ^Ga 

^mcO^^X'itSO 0 OOT. G a A 1 N<0^*-C-«3 
600JaT.fflLInGa Ni^ifiS«JiS<?)«:ftTJi 3 0 

oooarx-m^^^. v/m it*<ii^(o<itLii(c^ 
& t , M g <or -fer ^J'Xii^^' u T^^corStt^k^j&iffi 

[0218] *iys?e«tcj: '^i^mtfzmitm^^i^ 
^^tct?{t&pMe«®<or^'-br^'iis. ^-vura 

ffiJi, (»ra¥8-32 5 094#. i»IHT8- 

2 36 744-^) . 55{C{i:HtJj^L;tlSl~ll9<7)5ISfiJg 

mizxhrn-^cosmuLtiz^'o. -s-^oite*. pm^^s 

tpfflimSii:<03>':J':5'hSeiA<{£jSr|i. fg^<7)ifif^ 

mz. m!is-mm<^immi:!£i^t L^n^-c-, fi^jt^feLtco 

#1t<0^V^|g^3!p-f#t>ilS;t*^, ts^«7)^(c;Jt^. ^ 

[0219] (ISl 2cO^Sfije®) ISlcO||SfiJ^,l[W^ 

Sl^^rS^JgS^SJ (TMG, TMA, TM I ) . S 
l^HWNVhJS^ (CpjMg, SiH4 ) S-ffll^TJ^ 
m-h, iBL. pMg^2:^2.McO^. XJinS^ 

^ ^ 'J T;<f ;^ x<o;^» , X«i 2 . 5 Sfi%OT<o 

[02 20] g^ffi«7)p-GaN3>':J'^'hJil 9Jg{S 

TMG<o«*&<o;^»^$-f9±U, 
TV^=~rijX, CP2 MgSVS^:^f-vyr;{f 
;^5rl O^i-S0fc|&-rS. -J-comtCCPj Mg<7)et*&Sr^ 
ihL, ®^iaS5:3 5 0'C^-CKiaU, 3 5 O-CTT^ 

*:zrco«*&tfPihL. g«dfA''jr;y;!t«o;^i'5-«i&L 

[022 1] %tiid-z%=l-<^^m<r)p-GB.HziV'9 

^vm\9(rirryiz.-r9WSLkc-vmw,zi.'^m&\, 

y^bZ^^ p-GaN3>':?:? hJil 9cO^:^^CT>- 

^-T<r>;^$:3 5 0'c^x'm^Lmif. ^comcommi 
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A{CJt'<. IfRfeLhiKV (~1 X 1 Oi7cm-3) 

"f^wiimEimi 1 2iz^'7ti. s I MSj^miz^ 

*D10^OMg*>'#ltLJt. 

[0222] ^ii>ili:i^i^U—r<om'f^i:»mL 
ISmSSS TmA-CMiaili^SLTt. 

[0223] mi3<rmm!m)mi2ffymmmt 
mmMm}'8oox:i,zmmtitx'T>'=f:~Tmi& 
(oi^f:i5i^mi^'tt. ^^m. cPi Ms<miki 

[0224] #^<X7tm?^«affi<0p -G a N 3 i^^' 

1 9or^-tr:?iiJgS:C-VSI^tcJ: Off* L 
^tti-?). p-GaNny^':^ hJil QcOfR^^tcry 
trir<^;^S:3 5 0'CfC«l&L^ft. -5-<0fli!<0MW»± 

Abmmx'f>'}ti, z(7)mn<7)i-v^^immLfzt 
zib. mmAi,zit^a>^i> htmimm^ti. m^ff) 

l&f^EA^*«;3/5lz^->7t. S I MS^WCi 0 , P 

[0225] nhtifz^mf^u—^'<7imT'mti:mmL 

fztZ^. 1 0 nm. mf^m&5. 5V. L#V^ 

[02 26] {mi4commmm) ^1 2(ommBmb 
mm<r>mmRx/m^:f3mizti v >-c . ^m<r) p - g a n 

mwm.ti<9oo'c\,zm^htx'Ty=f:~Tim 
TX'Ufm&L.. mwm.t/^9 5 0'c\,zmmLtzhT> 

q£-r<7)«l&Sr<?±L, CP2 MgfcMS^-vUr^X 
«-«}&L^*^^>7 SO-C^T'l 0^^«tt&L5:*^^>>?,D 

-ynm-h. mwas,&i)^7 o o'ciizmmLfzi^c 
^x-sm^si-th. 

[02 2 7] #^,tr.-t^^<7)g^®iOp-GaNr7y^' 
1 9cor;5'-t:r:J'iiiSS:C- V^^tcJ: '3ff»L. 

±xmik^±Lstmm-ti>m^:mx^i%t>tifzmn 

coi-y/^^mmLfzbZ^, WmAlzit^ay^^ 

htm^^mziSLm^ti. m^<r>mi^mmix4i,z 



^roit. S IMStJJ-^ftCiO. p-GaNa>-:J'^'h« 
1 9<0S^MtC{iJlrt^c7)J^»2 0^<?)Mg3ir»'#ttL:(t. 
[0228] #f>tl.yi^(*:U— r<7)3l^tt?:igttU 
tzbd^. ».^4 0 7 nm^ mi^W±4. OV. L#V^ 

[0229] ±ii3-:>comm&m (mi 1 4<oii 

m&M) CS^-t i -5 . e^BBcOpffiSny^'^' hJlfiOJ^ 
TMG^B!tlSfflJS?lW«J&^ffjhL. Mg5: 

[0230] (mi5<7mm&m) ±m3^<r>mmm 
(mi 2~-mi 4comwmm) ?:^m^^rVT/^x^:m 
\'^xm^^hm^k(^mi¥m:m'f<r)mk:fjmx'i>. & 
fi^cM g ^rn^ia, w^ajKtLhTSSiE t-r s z b 

x\ pm^yi?:?h&iA.im<7)SS}^i}mi^ti:h, (ml, 

^■\thfcibcr)mmti^!ii^X'$>6 . 
[023 1] (mi 6«0llS»B®) lglc?5«JfiJg®tC^ 

hh¥^»u-^(omm (muzT^-T) s-ps^?-* 
m<7>^x(^mi:Ty^-T/f:x.^ Ri/mm^mmi (t 

MG. TMA, TMI) . RX/V-.>^yhM:m (Cpz 

Ms. siH, ) i:m^^xmm-i>, fit, pmim^ 
^i>m<^^. xam^Fm^mm^xcomim^-rh^ 

[0 23 2] fi^ffi«0p-GaN3>':?^'hjil 9C0± 
g(5{C. p-GaNfcp- I no.2 Gaj.s f^^-ttl-^ix 

2nmaT<7)mmx'^mzmmLfzmm^mm^m-ti> 

®2 35rm-r^. l?riapMc7)SfS^^jt&Wt- ^112 
3 5:J»^t^, TMGco«t|^£7);j,2:facjhL. S«iaK$--e 

ry^-T:^'x. CP2 Mg&txg^df 

A'Ur;<f;^Sr2^^tt*&-ri>. ^comzCP^ Mgcom 
»&S:f|iihL, ^iaS5:3 5 0*Ctm»aL. 3 5 0*0 

[0233] ni^tifz^t^u-^m0'mmm<7>-ui)< 

fnap-GaNfcp- I no.2 Gaj.e NSr^CSJi 

Uzmt&=fmmi:^'r^m2 3(D&mmmi}^hnmGa 
Hay^9 vmi 3\.zm-hm^^x'Y'7^ 3L -/^yy 
m^i.^m^^fi. z.tnzii*)n}ii^titiGa.nzty^ 

^'b«l 3±l={i:nMmfl§2 0*<J^BK$^lTV>|,, ± 

tz. i^mmm.ffmii^ixx\^^^\^^^(opm.<r)m&=f-m 
m^^-thm23±.kz\immk^<riti»><r)s io^ m2 

li)^MiR.mzm^^tl. Z<r>S i O2 ii2 ISl^pScO 

mm-mm{:^-t&m2 3±i,zpmmu2 2i}m^$ti 

[0234] #<^tl^C^«cU-if«0^^#ttS-ffii t 
J^tcT-^. a^:g4 0 5nm, i!jft«ff 4 . OV, U#V> 
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[0235] (fUffimtmm) ^tj. ^^mu. mmx 
^j5^tJt:5^r/p^xo ( D H ) mm<r>mm.m^mmx 

i^<7)^^=em^mm.'^i^>'^iu^r-t3 (SH) flUS^tfi 

[0236] * ;t*?6BH{s. m^ms^^^mi^^m^'^fzL 
i.. 

[ 0 2 3 7 ] i;7t . idf.^ y r;<fxi: LxmrnWUzT 
( A r ) ( H e ) ^^Jgtt:<r>; S-ffl 

[ 0 2 3 8 ] ±^ Lt:mmX'\i. pMil«Ojg*l^lc*K 
[ 0 2 3 9 1 =5:tJ . *f|HB»i. m3^»fr>msmk\^X'-V 

'h^z^n^£W&(r>mm%.^Mwm'^-kwsiX'% hif. 
mx.\tms:hmt<r>^}L^mhm<mmzi.^. 
\zmm^m.xi:>^\^, ep^, ^wmmc<m^ 

[0240] -eoffi, ^^IBflJi-ecOSi-SrjSflKt^V^li 
[024 1] 

\wmm^\ \:xmm^tzi.'i\izimmzi.tt\t. i 

n, Al,, Gaj Bi-,.,., N, P„Asi-,.„ ^fco 

p 'm\L-^wm^m<r)0m\ri&.\,zii\^h^^^(r>wcK 

mf^lsiWm<r>&xmK WH\.zii\'ih^^^<r>^^ 
ffl[c05*gJjlTt^:SJ:atcLTV^*. fi!r)T, '>x>'Nffi 

[ 0 2 4 2 J * . pS-fk^^l^fWi 2rlS;S-r S I8g<0 
\.z\mMm/kVc ( v/l 1 1 ) ^ ^^1, c t J: 0 . Bit 



^c\Mimmimk\^x:pwsmpmwmma^. % 

[lliS(^f8i*^i5iBB] 

[01 ] lgl<0*Sfi»®Cffi4i|iSI«tW-if<oflBi$-^ 

[03] |SISIM?gSStcfettl.l)J^jSJScOffirt:a-^&x^ 

[04] |S|SeSfiJB®tcfcttSl?SI5ftS<OBF«9^)-ffiSr-f 

xrv—^XzWrs Ltz 'pmmmWt(r>^M. 
[05] lamSfiJ^flSlctsttS^MiftKcOHrt^i-^liSrx^ 

[06] |BlSISKgS{cfc{tl.^illSeoBrt^^:m$-T-f 

[07] JtKCaiKiJ{tS^S«IS<0Bnrt4i-^P (31$ i o 
Onm) Srf'-f xr^-±fc:«^Lfcit»ia^B«<o^ 

[08] ikmiizinfhmmm<^mn^^i:'f^xy 

[010] JtWC::t>ft.5.^illJKc^fflrt4i-ifB^T-f>^ 
[01 1] GaN«lC*3(t'i.«*3lSc7).>xMMrt^^p 

•r0, 

[012] G a N®{C fctt ■i.^^jSScOfiK^iaKflSfiftt 

■r0. 

[013] pM&mmizmfhTi^-^zyi'msiio&^iA 
mLXTTCtm. 

[014] lisEiiASl=fflV><i>iti,GaA 1 N^tfctt 
^ A- y TXf^J. t Title LTS^-r0. 

[015] m2<r>m&mmz^&^iiiu—fcr)mm^ 

[016] ll3<0|liBg®t:<^Sf63t:^^-f3r-H<OflUi 
[017] IS50SIS6}gnifc:«SM^fcfSl^¥3l«c^^ 

[018] mmm&mizi3ifh^^:fjifli<r)yf^wtms.^ 

[019] (smiiegaitcfett * c - vmmmmkt 
imtx^-rm. 
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[02 0] mmmmm^zh^f^^m&iTjk^m. 
[02 1 ] mms&mm^z^i'r^^5m&?:Jf:^m. 
[02 2 ] m^mmm^z^^i^^m&irTjki^m. 
[02 3 1 m6<7)mmmiz{^i>mimJk^{m'f-co 

[02 5] mmmmmizn^'rh^m^i:ys<^m. 
[02 6 ] micomm&m^zm&^tt^u-^commi: 

^^BrM0* 

[02 7 ] mmmmm^zisi^i>smjMm. 

[02 8 3 l«Illj5fiJg®tw*3Jt*gaiXS0. 
[02 9] P]SJS?K.®t3:fc(t^^i^ffl^S:iK-r0o 

[03 0 ] mmmmm^zis^f&^m^i^rm. 
[03 1 ] m8<7)mmm(^zmh^ii:\y-^commm 

^rm^^'rBrH0. 

[03 2 ] l«llli£m®(ci3ttSiSitxe0o 
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